It is not uncommon to find minor variations among strains of the same species of bacteria, and in cultures that have been kept for several years on artificial media such changes are relatively frequent. It is seldom, however, that one finds a variation in the action on the more commonly used carbohydrates. When grown in carbohydrate media contained in the fermentation tube as recommended by Theobald Smith (1) for the determination of the action of bacteria on carbohydrates, the constancy of the action of a given species is remarkable. This method is especially valuable in the differentiation of the members of the colon-typhoid group of organisms, and a deviation from the usual action is of interest in its relation to classification and to the possible formation of new species. One of our stock cultures of the hog-cholera bacillus, an organism belonging to the paratyphoid group, has shown such a deviation in that it has lost the power to form gas from a number of carbohydrates, while acid formation remains. A review of the literature shows that nongas-producing paratyphoid strains have been reported several times. Dorset (2) describes an organism which he obtained from the spleen of a pig dying of acute hog-cholera. This organism was not agglutinated by the serum of a typhoid patient or by the dried serum of a guinea pig injected with this nongas-producing organism.
Preisz (3), Bock (4), Grabert (5) , and Bainbridge (6) have described cultures obtained from swine, which resembled the hog-cholera bacillus except that they failed to produce gas from dextrose.
Christiansen (7) isolated from nineteen calves non-gas-producing organisms which were agglutinated by an anti-Gaertner and an antiparacolon serum. The 213 latter serum protected to some extent mice injected with these organisms. After long cultivation on a variety of media he did not succeed in getting the organisms to form gas from dextrose. Wagner (8) isolated from the blood of a woman B. typhosus and a non-gasproducing paratyphoid bacillus. 6 days later he isolated from the same patient a typical gas-producing paratyphoid. The last two organisms were agglutinated by an antiparatyphoid s serum and their carbohydrate reactions were the same, except that no gas was formed by the first organism.
Oette (9) and Ohno (10) have isolated from patients organisms that were agglutinated by paratyphoid serum and that culturally corresponded to this group except that they failed to produce gas from dextrose and other carbohydrates.
It is not our purpose to review the many papers on bacterial mutations, for a review, with the literature on the subject, can be found in the work of Eisenberg (11). There are, however, a few papers that are directly related to the culture to be discussed.
Loewenthal and Seligmann (12) describe a non-gas-producing paratyphoid that they found in one of their stock cultures. This culture was isolated in 1908 in connection with the study of a meat poisoning epidemic and corresponded to paratyphoid I. For 3 years it was kept on slant agar, transfers being made every 6 to 8 weeks. In 1911 they began using it for diagnostic purposes and transfers were made two or three times a week. A year and a half later it was found that the culture no longer produced gas in dextrose or mannite media, while the original stock had retained this power. Passage through animals did not restore this lost property.
Hiibener (13) found that paratyphoid bacilli grown at 46°C. lost the power to form gas from dextrose, but this power was quickly regained when the culture was again incubated at 37C.
Penfold (14), growing paratyphoid organisms on agar plates containing sodium mono-chloracetate, obtained subcultures that failed to produce gas in dextrose and maltose media, while they retained the power to form gas from dulcite, mannite, and sorbite.
The culture on which we wish to report was received from Dr. Dinwiddie in 1899 and has been kept in stock under the name of Hog-cholera Ark. In 1901-02 Smith and Reagh (15) passed it through a series of thirteen rabbits. A bouillon culture from the heart's blood was used for each succeeding inoculation. Since that time this rabbit culture as well as the original stock has been kept on slant agar, transfers being made every 4 weeks. In 1914 the culture that had been passed through the rabbits was plated and to our surprise we found that transfers from over half the colonies studied failed to form gas in dextrose bouillon. The non-gas-forming culture was compared with a gas-producing strain from the rabbit stock; with the original culture that had not been passed through the rabbits; and with two cultures of Bacillus typhosus. The non-gas-producing organisms from 24 hour agar and bouillon cultures cannot be differentiated morphologically from typhoid or the other strains of the hog-cholera bacillus, except that they are not quite as actively motile as the former. In 1894 Smith (16) pointed out, however, that in animals dying from an infection with the hog-cholera bacillus there was a marked morphological difference between the organisms found in tissues and those found in cultures. The non-gas-producing culture shows this same change in morphology under similar conditions, which, of course, differentiates it from the typhoid bacillus.
In bouillon it does not grow as readily as typhoid, but at the end of 5 days the turbidity of the two cultures is about the same. The carbohydrate reactions of these cultures are given in Tables I and II . It will be seen that except for the loss of power to produce gas the action on the carbohydrates is the same as that of the parent stock. It differs from the typhoid bacillus in that it fails to act on dextrin as readily as the latter, but this difference is one of degree only.
In Table III , which gives the results of titrations made on fermentation tubes containing milk, it will be seen that hog-cholera bacilli are differentiated from typhoid bacilli in that they form alkali more readily in the presence of oxygen. Here too the difference is one of degree only, for in 20 days one of the typhoid cultures formed as much alkali as the hog-cholera cultures (17).
The indol reaction of all the hog-cholera cultures tested was slight, while that of the typhoid cultures was negative.
It is interesting to note that together with the loss of power to produce gas from carbohydrates, this culture fails to decolorize neutral red dextrose agar, while the gas-forming strains decolorize this medium in 24 hours.
The agglutination tests given in Table IV sharply differentiate the non-gas-producing culture from the typhoid bacillus, but show no difference between the former and the other cultures of the hogcholera bacillus. 
Growth of Hog-Cholera and

1.5%
* Partly translucent. The virulence of this non-gas-producing culture was compared with that of the gas-producing strain of the rabbit series and of the original stock by injecting known amounts of 24 hour bouillon cultures into rabbits of approximately equal weight. The results are summarized in Table V and show that the cultures passed through rabbits 15 years ago do not differ in their virulence, and are still markedly more virulent for the rabbit than the stock from which they originally came. The loss of power to produce gas from dextrose and other carbohydrates has persisted over a period of 18 months. The culture in the interval was kept on slant agar, and transfers were made monthly. Each transfer was incubated for from 24 to 48 hours and then placed in the refrigerator until the next culture was made. Rapid transfer through bouillon and transfers made directly from old agar slant growth to sugar tubes have failed to show a reversion to the original type of action. Passage through rabbits and mice has also. failed to restore the power to produce gas. DISCUSSION. At first it was thought that the long cultivation on an artificial medium might have produced this change, but an examination of the other hog-cholera stocks showed that all the subcultures examined from colonies on agar plates produced gas in dextrose bouillon. One of these stocks had been in the laboratory for 30, another for 18 years, while three had been isolated more recently.
As the parent stock and the culture in which this new form occurred differed in that the latter had been passed through a series of rabbits, it seemed logical to assume that the animal transfers had been in some way responsible for the change. If this were the case, one should be able to produce a similar change in another strain. This was attempted by passing a recently isolated strain of the hog-cholera bacillus through a series of eleven rabbits, the inoculations being made by using a suspension of the crushed spleen of the animal dying of the disease to infect the next rabbit. The culture showed a marked increase in virulence, but no change in the gas production could be detected. From the last three rabbits in the series agar plates were made from the suspension of the crushed spleen and transfers made to dextrose Durham tubes from approximately fifty colonies in each case. All these tubes showed gas production.
Several environmental changes were tried in order to determine whether they would influence gas production. Transfers through twenty tubes of plain bouillon and bouillon containing 5 per cent of sodium chloride failed to influence gas production. Transfers through bouillon containing anti-hog-cholera bacillus serum were also without effect. Cultivation for 3 months in Dunham's peptone solution failed to yield cultures that differed from the original culture in their action on dextrose.
The negative results of attempts to influence gas production by means of environmental changes show that we are dealing with a highly stable property. The failure to influence it by the animal passages may mean that we selected a more resistant strain than the Hog-cholera Ark., or it may mean that the rabbit passages had nothing to do with the change that occurred in the latter culture. The possibility of this new form being a contamination can be ruled out, for we have not had such a culture among our laboratory stocks; and the finding of paratyphoid bacilli in spontaneous diseases of rabbits has not to my knowledge been reported.
The loss or perhaps gain of cultural characters in a given strain is very different from the transformation of one species of bacteria into another, as has been recently reported by M'Gowan. In association with Wang (18), M'Gowan reports the transformation of B. avisepticus (fowl-cholera bacillus) by passing it through a series of fourteen guinea pigs, into a motile organism that forms acid and gas from a number of carbohydrates including lactose and saccharose. The serum of an animal immune to this motile organism did not agglutinate the original culture from which it is supposed to have come. In spite of the fact that this motile organism resembles B. coli more than any other, M'Gowan makes certain assumptions based on this transformation and the fact that in his hands members of the septicemia hemorrhagica group have shown marked variability in their cultural reactions. In discussing swine fever (19) he assumes that B. suipestifer (hog-cholera bacillus) is a variant of B. suisepticus, and in his paper on fowl-cholera (20) he assumes that B. pullorum and the fowl typhoid bacillus are variants of B. avisepticus.
These assumptions might explain many puzzling questions, but the facts on which they are based do not agree with our experience. Using the fermentation tube, as recommended by Smith (1) in determining the sugar reactions, members of the paratyphoid and septicemia hemorrhagica groups have shown marked stability in their cultural characters. There are essential differences between the cultural reactions of these two groups, the type of disease they produce when injected into animals is entirely different, and they have shown no cross immune reactions. Such transformations as M'Gowan reports must therefore be looked upon with doubt until we have more definite proof that they occur.
SUMMARY.
In a stock culture of the hog-cholera bacillus, which was passed through a series of rabbits 14 years ago, an organism was found that differs from the original culture in that it fails to form gas from the carbohydrates that are usually attacked by this organism, while acid formation persists. This new strain is agglutinated by an antihog-cholera bacillus serum and produces in rabbits and mice a disease similar to that caused by the typical cultures. The failure to form gas has persisted over a period of 18 months and all attempts to cause the strain to revert to the original condition have failed. It resembles in many respects Bacillus typhosus and it may be that some of the so called typhoid cultures that are not agglutinated by antityphoid serum are non-gas-producing paratyphoids. Attempts to produce a similar change in a more recently isolated culture of the hog-cholera bacillus by means of animal passages and changes in the environment have been negative.
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